Nanometer-resolution 3D optical microscopy for III–V quality control  by Mills, Alan
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Interferometry resolution is set to become a 
mainstream technology for Z-axis metrology 
in the laboratory. Yet its 
limitations, which include vibration 
sensitivity and operating complexity, have 
kept it away from the production floor and 
routine research laboratory measurements. 
A new, non-contact, high accuracy surface 
mapping technology combining interferome- 
try and conventional and digital imaging has 
now been adapted for optical microscopes, 
resulting in a tabletop instrument, the 
3DScope 2000, [see Figure 1] that can be 
used for many applications in the compound 
semiconductor industry. Nanometer- 
accurate vertical resolution is combined with 
micrometer-to-miUimeter accurate horizon- 
tal resolution, in an instrument that has 
several application and operation related 
advantages, over other techniques. 
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Figure 1. Example of one 
configuration of the 3DScope 
2000, the new interferometric 
instrument. 
Insensitive to vibration, this equipment allows 
interferometer-l ike technology to operate in labo- 
ratory and product ion floor environments,  with 
minimal requirements for vibration isolation or 
for other ambient-related control. 
Its tabletop capability offers all the flexibility, ver- 
satility and user-friendliness of the white-l ight 
microscope.Accessories such as various types of 
objectives, i l lumination modes and visualisation 
are available, and 3D measurement can be added 
without affecting them. 
3D measurement is as simple as any other fea- 
ture of the microscope, enabling a short and 
undemanding operational learning curve. The 
operator sees the same field of view that is being 
measured and needs only a short set-up time for 
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each measurement  (involving no scanning).The 
measurement of the whole field of view and the 
data computation lasts just a few seconds.What 
you see is what you get! An additional benefit is 
that the conventional view of a colour CCD cam- 
era can be combined with the 3D surface data. 
For 3D measurement,  an optical sensor with par- 
tially coherent  i l lumination is incorporated on 
top of a white-l ight microscope and enables 3D 
topometry measurements in a highly accurate, 
simple and robust way. The image obtained by 
the microscope at the set magnification is opti- 
cally control led by an electronically control led 
optical manipulator. UrLlike standard interferome- 
try, no reference beam is used, therefore vibra- 
tions, turbulence, or dust particles do not change 
the optical path, neither do they degrade the 
measurement accuracy. 
This 3D measurement  capability results in an 
analysis/diagnostics tool that is useful both  on 
the product ion floor and in the laboratory, After 
manipulation, the resulting image pattern of the 
entire field of view of the object is obtained on a 
monochrome CCD camera. From these intensity- 
only images, the reflected wavefront from the 
object inspected is fully analysed for phase 
and amplitude data by proprietary algorithms, 
that model the optical system and the optical 
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Figure 2. Resist residue on a GaAs wafer The residue is trans- 
parent and barely wsible with a white-hght microscope (left) 
but clearly seen using interference imaging (middle). The line 
profile (right) shows the residue thickness at nm resolution. 
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manipulation.This analysis gives surface topogra- 
phy and reflectivity in the entire field of view, 
without  scanning in the X,Y, or Z-axes. 
Once the 3D measurement  is complete, a variety 
of data analysis and archival functions can be 
performed, including 3D viewing, zooming in 
and out, cross sectioning, statistical analysis, data 
saving and loading, and report preparation. The 
optical design of the 3D sensor imaging and illu- 
mination system enables 3D measurement  a any 
magnification of the microscope, with no 
changes in the 3D module, yet maintaining the 
Z-a~s measurement  performance. 
Key application -- 
GaAs MMIC metal lift-off 
The GaAs IC metal lift-off process plays a very 
important role in IC manufacturing due to the 
incompatibi l ity of the III-V substrate with readily 
etchable metals like aluminum. Metals such as 
platinum, titanium, and gold are commonly used 
for contact formation during the manufacture of 
these ICs and they cannot be easily etched with- 
out multiple aggressive tching steps. The latter 
are often difficult to control, t ime consuming, 
and almost always attack the compound semi- 
conductor  substrate. Many metal lift-off process- 
es have been reported, each involving several 
steps. The most commonly used for gallium 
arsenide devices is image reversal, ift-off layer 
(LOL), tr imethyl ammonium hydroxide (TMAH) 
photoresist develop inhibit, and polymethyl 
methacrylate (PMMA) bi-layer, but some are los- 
ing desirability. For those unfamiliar with the 
process, a typical image reversal procedure 
involves a post-exposure hot-plate bake or 
ammonia-gas oven bake before resist develop- 
ment, but some also have drawbacks uch as a 
l imited photoresist  shelf life, due to the use of a 
chemical additive for enhancing the re-entrant 
features. 
A LOL process uses non-photosensit ive polymers 
that have a higher dissolution rate compared to 
the resist top layer. It is essentially a double-layer 
process involving two coating steps.The re- 
entrant characteristic s controlled by the LOL 
layer bake time and temperature.A typical TMAH 
inhibiting solvent is chlorobenzene and therefore 
this process is losing favour due to skin and eye 
irritation and environmental  concerns. Poly 
methyl methacrylate r sist lift-off is also a double- 
layer process, very robust, but time consuming. 
Wafer throughput is severely limited because of 
the requirement of separate deep ultraviolet 
flood exposure and individual developing. 
Thus, in lift-off patterning that uses one of these 
techniques the photoresist acts as a stencil to 
define the location of the metal pattern. After the 
photoresist has been exposed and developed, it is 
essential that there is no residual resist remains in 
the developed out areas, or the evaporated metal 
may not adhere or make good electrical contact 
with the semiconductor. Therefore, the detection 
of any photoresist residue before metal evapora- 
t ion is important, but is almost impossible to 
detect by conventional optical microscopy. This 
is because the thin resist residue film is in most 
cases colourless and transparent, and can barely 
be seen by white-light microscopes. 
However, when using the 3DScope 2000 instru- 
ment, the phase information contained in the 
light reflected from the pattern allows the identi- 
fication of photoresist residues as seen in Figures 
2 and 3. In addition, profile measurements (Figure 
2, right) or 3D maps (Figure 3, right) can accu- 
rately measure the thickness of the residue with 
nanometer  resolution. 
For compound semiconductors, the value of this 
equipment resides in the ability to rework the 
photol i thographic process.When detected, mis- 
takes or unacceptable developing steps can still 
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Figure 3. Resist residue on silicon dioxide. The residue is 
transparent and barely visible with a white-light microscope 
(left) but clearly seen using interference imaging (middle). 
The 3D view of the sample (right) shows the residue 
thickness at nm resolution. 
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be corrected at this stage, because metal has not 
yet been deposited on the wafer.Thus, any inade- 
quately processed wafers detected by the inspec- 
tion can have their photoresist str ipped off and 
reworked, avoiding costly wafer scrapping or 
tedious failure analysis down the l ine.The non- 
destructive nature of this analysis, its speed and 
the 3D visualisations can directly affect the 
device yield from a better understanding and 
better control of the process. 
Resist Profiles 
In many semiconductor  processes, the control of 
the dielectric and metal edge profiles are critical 
parameters.Therefore, to provide dissolution of 
the resist after the metal layer has been deposit- 
ed, lift-off resist structures must be re-entrant to 
permit  access of the resist solvent. These struc- 
tures are difficult to image with a scanning elec- 
tron microscope without  destructive cross 
sectioning. Moreover, conventional 2D imaging 
cannot determine whether  the desired resist lip 
overhang exists. Figure 4 illustrates how this 
instrument can also be used to non-destructively 
measure the profile of a bi-layer overhanging 
resist structure.Although t e profile does not 
echo the precise cross section, it can provide a 
reasonable measure of the width of the overhang 
and the height above the substrate surface. 
As previously noted, the profile of the resist layer 
determines the shape and cross section of the 
etched pattern. This resist contour (for isotropic 
etching) can be imaged (Figure 5) the inspec- 
tion used to characterise the resist profile, saving 
systems downt ime and wafer scrap. Other appli- 
cations in compound device fabrication include 
measurement  of profiles of metal bonding pads 
and thickness of overlying oxide passivation 
layers.The actual thickness of the passivating 
layer as it varies across the device topography 
Figure 4. Lift-off process. 
Characterization of overhang- 
ing bi-layer photoresist profile 
prior to gold deposition. 
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can also be accurately measured and rapid feed- 
back available from this instrument can reduce 
systems downt ime and avoid down line process- 
ing steps on defective wafers. 
In conclusion, a new analytical technology that 
combines interferometry principles with imaging 
concepts is now available and offers benefits to 
III-V wafer processing. It allows simple and 
straightforward 3D measurement a nanometer  
level in the Z-axis, bringing high-end Z-axis 
measurement  to the factory and laboratory 
floors.Tedious and costly procedures can be 
replaced with more friendly and cost effective 
tools, simplifying operations and cutting costs. 
Figure 5. Non-destructive 
measurement of a photoresist 
slope prior to an isotropic 
via etch. 
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